In this study, changes in growth parameters and nutrient intake were compared in Chinese children (ages 30-60 months) with picky eating (PE) behaviors and weight-for-height 25th percentile, who were randomized to receive nutrition counseling alone (NC; n = 76) or with a nutritional milk supplement (NC + NS; n = 77) for 120 days. Increases in weight-for-height z-scores were significantly greater in the NC + NS group at days 30 and 90 and over the entire study period (all P  0.05), but not at day 120. Increases in weight-for-age z-scores were significantly greater in the NC + NS group at day 90 (P = 0.025) and over the entire study period (P = 0.046). Mean intakes of energy, protein, carbohydrate, docosahexaenoic acid, arachidonic acid, calcium, phosphorous, iron, zinc, and vitamins A, C, D, E, and B 6 were significantly higher in the NC + NS group at days 60 and 120 (all P  0.01). Thus, in young children with PE behaviors, nutritional supplementation given as an adjunct to NC resulted in greater improvements in nutrient intake compared with NC alone. Growth parameters differed between groups at several timepoints during the study, but not at day 120.
Introduction
Children who eat slowly, consume a limited number of foods, lack interest in food, have no regular eating pattern, are reluctant to try new foods, and/or consume small amounts of foods are often described as having picky eating (PE) behaviors. [1] [2] [3] [4] [5] [6] [7] Caregiver-reported PE behaviors are common, with a reported prevalence in young children of 19-50%. [8] [9] [10] [11] Often a physician is consulted because of caregiver anxiety over the child's PE behaviors, 4, [12] [13] [14] [15] which can become a chronic issue, lasting for more than two years in up to 40% of affected children. 4 Although the specific causes of PE behaviors are not well established at this time, contributing factors may include high maternal control of feeding, 16 parental pressure to eat, [17] [18] [19] higher levels of child emotionality, 20 
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sensitivity to sensory stimuli, 21 and introduction of complementary foods before age six months. 22 Children with PE behaviors may have lower intakes of total calories, protein, vitamins, minerals, and specific food groups such as vegetables and fruits. 1, 3, 23 As a consequence, children with PE behaviors often weigh less than children without PE behaviors. 8, 12, 14, 24 Indeed, children with a lower body mass index or body weight in the lower weight-for-age or weight-for-height percentiles are more likely to be picky eaters than those with higher values. 11, 12, 24, 25 Consuming a variety of foods within and across food groups is suggested to improve micronutrient intakes and provide exposure to a wider range of key dietary components, including fiber and phytochemicals; 26, 27 thus, the limited dietary variety associated with PE behaviors 28 may not be optimal. A child's PE behaviors can also contribute to attempts by the caregiver to change eating behaviors by force or coercion, which may exacerbate feeding issues. 29, 30 Therefore, it is important to address PE behaviors at an early age to support growth, adequate nutrient intake, and positive caregiver-child interactions that contribute to healthy development. 30 Nutrition counseling (NC), which includes education and behavior modification strategies designed to improve eating habits, is considered a primary component of standard care for the management of children with PE behaviors. [31] [32] [33] As good eating habits often take time to become established, a nutrient-enriched supplement administered in conjunction with NC may help improve nutrient intake and support adequate growth while PE behaviors are being addressed by NC. Others have reported significantly greater increases in growth parameters among children with PE behaviors who received NC plus a nutritional supplement for 90 days, but the total dietary intake was not analyzed. 34 The objective of this study was to compare growth parameters and nutrient adequacy in children with PE behaviors who received either NC alone or NC with a nutritional milk supplement (NS), in order to expand current clinical evidence on outcomes associated with the addition of NS to standard nutrition and behavioral counseling in this population.
Methods
Subjects/Study design. This was a multicenter, openlabel, randomized, controlled trial conducted between February and December 2010 in the People's Republic of China (Xinhua Hospital, affiliated to Shanghai Jiaotong University School of Medicine; Nanjing Maternity and Child Health Care Hospital, affiliated to Nanjing Medical University; Jinan Children's Hospital; and Wuxi People's Hospital) and Hong Kong (Prince of Wales Hospital). Children ages 30-60 months with PE behaviors and whose weight-for-height was 25th percentile according to WHO Child Growth Standards 35 were eligible for inclusion. Presence of PE behaviors was determined by caregiver's report of common PE behaviors (eg, child consumes a limited number of foods and/or exhibits strong preferences for a limited number of foods; child is unwilling to try new foods; child eats slowly, lacks interest in eating, and/or does not eat enough). Exclusion criteria included current acute or chronic illness, food allergies, lactose intolerance, dietary restrictions precluding dairy foods, any genetic disorder or any other type of metabolic, cardiovascular, gastrointestinal, pancreatic, or hepatic diseases that could compromise growth and/or food intake, cognitive or developmental disorders, or medications that could influence study outcomes.
Enrolled children were randomized in blocks of 4 to receive either NC alone or NC + NS in a 1:1 allocation ratio using a computer-generated randomization list stratified by study site (SAS version 9.1.3, Cary, North Carolina, USA). The randomization list was prepared before study initiation by a statistician at a third-party data management company (Excel PharmaStudies, Inc., Beijing, China) and then stored by this company until completion of data collection. Group assignment information was sealed in opaque envelopes, which were opened by investigators upon enrollment of an eligible subject.
The study comprised a baseline period, when a three-day food record was completed by caregivers at home, followed by a 120-day intervention period and a post-study telephone call 14 days later. Study visits were conducted at days 30, 60, 90, and 120. The study was conducted according to the principles of the International Conference on Harmonization Guideline for Good Clinical Practice 36 and the Declaration of Helsinki, 37 and approved by each institution's ethics committee (primary committee: Ethics Committee of Xinhua Hospital Affiliated to Shanghai Jiaotong University School of Medicine). Written informed consent was obtained from caregivers prior to the start of the study. The study was registered at ClinicalTrials.gov (NCT01823302). The primary outcome measure was change in weightfor-height z-score (WHZ) from baseline to day 120. Secondary outcome measures were changes in WHZ from baseline to days 30, 60, and 90 and over the entire study period; changes in weight-for-age z-scores (WAZ) and height-for-age z-scores (HAZ) from baseline to days 30, 60, 90, and 120 and over the entire study period; dietary macro-and micronutrient intakes at days 60 and 120; quantitative ultrasound (QUS) measurements of the radius and tibia; and incidence of common illnesses.
Nutrition counseling. NC was provided at each visit by physicians (China) or dietitians (Hong Kong) who were blinded to the treatment assignment. NC providers developed individualized dietary strategies aimed at improving the child's eating behaviors using the baseline three-day food record in conjunction with the Chinese Nutrition Society Maternal and Child Nutrition Branch dietary guidelines for children. 38 These guidelines aim to help children establish healthy eating habits and were reinforced during NC sessions. Examples of guidance included: scheduled times and fixed locations for meals and snacks; age-appropriate portions; distraction-free mealtime environment; and providing a caregiver role model at meals.
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Food record/dietary assessment. Caregivers prospectively recorded the child's food intake on three consecutive days (2 weekdays and 1 weekend day) prior to study visits at baseline and on days 60 and 120. Details of foods and drinks, including brand name and amount consumed, were recorded. A Dietary Nutrition Survey Guide, 39 containing pictures of 180 common foods in typical household containers, was provided to caregivers, along with instructions to help them estimate portion sizes while completing the food record. Nutrient intakes were calculated by trained study personnel at one center using food records and the Nutrition Data System for Research dietary analysis program (Nutrition Coordinating Center, University of Minnesota, USA). The NS was included in the dietary analysis using a default nutritional supplement from the program database and adjusting for nutrient differences with the NS. Nutrient intakes were expressed as a percentage of the recommended intake values in China. 40 To maintain blinding, NC providers did not have access to the three-day food records from days 60 and 120.
Nutritional supplement. The NS was a milk-based powder (S-26 PE GOLD, Wyeth Nutrition, Singapore) prepared by caregivers according to label instructions. Study personnel at each site instructed the caregiver in the use of the NS and were not involved in providing NC. The NS provided 200 kcal/serving and a balanced combination of macronutrients (14% energy from protein, 54% carbohydrate, and 32% fat) and micronutrients (see Appendix for detailed nutrient composition). Children in the NC + NS group were asked to consume at least two 230 mL servings/day, in accordance with the standard usage instructions for the NS. For children in the NC + NS group, a questionnaire was completed monthly by caregivers to record consumption and willingness to consume the NS.
Anthropometry. Child's height (SZG-180 Height Meter; Nantong Yuejian Anthropometry Apparatus Co., Ltd, Nantong City, China; scale division: 1 mm) and weight (RGT-120 Weighing Scale, Nantong Weighing Apparatus Factory, Nantong City, China; scale division: 0.05 kg) were assessed at baseline and at monthly study visits. Measurements were expressed as z-scores (2006 WHO Child Growth Standards). 35 Study personnel performing anthropometric measurements were blinded to group assignment.
Bone quality. Bone quality was assessed at baseline and day 120 using QUS (Sunlight Omnisense® 7000P; Sunlight Medical, Petah Tikva, Israel), which measured speed of sound at the tibia and radius, and compared data with an age-specific reference database of more than 1500 children and adolescents in urban China.
Common illnesses. Incidences of diarrhea and upper and lower respiratory tract infections, based on specific definitions provided by study personnel, were recorded at each study visit and by telephone contact between visits; incidences of these illnesses occurring in the interim periods were also reported by caregivers.
Adverse events. Adverse events (AEs) were recorded throughout the study.
Statistical analysis. A minimum of 60 children per group was required to provide 90% power to detect a mean (standard deviation [SD] ) between-group difference of 0.3 (0.5) for WHZ at the 5% significance level. 34 Assuming 10% dropout and 10% non-evaluable rates, enrollment of 150 children (75 per group) was required for adequate power.
The efficacy analyzable population (randomized children with baseline and 1 post-baseline endpoint data and, for the NC + NS group, had consumed 1 serving of NS) was used for efficacy analyses. The safety population (all randomized children in the NC group and all randomized children who had consumed 1 serving of the NS in the NC+NS group) was used for the analysis of AEs.
For growth parameters, a mixed model for repeated measures (MMRM) analysis was done based on the changes from baseline in z-scores, with visit, treatment group, and treatment-by-visit interaction included and baseline z-score as a covariate. P-values for comparison of adjusted mean changes (adjusted for baseline z-score values) were obtained for days 30, 60, 90, and 120 and for the entire 120-day study period (ie, simultaneously taking the changes at all timepoints into account). The MMRM was also used to assess nutrient intakes between the two groups; as these data were non-normally distributed, analysis was based on the ranks of the observed values, except phosphorous (mean values used). The Hochberg step-up procedure 41 was used to adjust for multiple comparisons with regard to the dietary intake variables. Betweengroup comparisons of QUS measurements were performed using ANCOVA, with baseline value as a covariate.
Fisher's Exact Test was used to compare incidence of common illnesses between groups. The frequency and percentage of children who gave each of the responses to the NS acceptance questionnaire were summarized, and the reported number and percentage of children with AEs were summarized for each group.
Results
Subjects. Of the 153 randomized children, 142 were included in the efficacy analyzable population (Fig. 1) . The safety population included all randomized subjects (NC + NS group, n = 77; NC group, n = 76).
Demographic and baseline data were comparable between groups (Table 1) . Mean baseline WHZ, WAZ, and HAZ were below zero and comparable between groups. Caregiver and household characteristics (including household size, smokers, education level, occupation, and income) did not differ significantly between groups. Nutritional intake at baseline was also generally similar between groups (Table 2) .
Growth parameters. Mean WHZ increased in both groups over the course of the study (Fig. 2A) (0.06) in the NC group (between-group difference, 0.12 [95% confidence interval (CI), −0.04, 0.29]; P = 0.137). Although the difference between groups at day 120 was not significant, increases in WHZ were significantly higher in the NC + NS group at days 30 (P = 0.047) and 90 (P = 0.021) and also for the entire study period (between-group difference, 0.13 [95% CI, 0.01, 0.25]; P = 0.029). Mean WAZ also increased in both groups during the study (Fig. 2B) . Compared with increases in the NC group, adjusted mean (SE) increases in WAZ in the NC + NS group were significantly greater at day 90 (0.03 [0.03] vs 0.14 [0.03]; P = 0.025) and for the entire study period (between-group difference, 0.08 [95% CI, 0.00, 0.16], P = 0.046). No significant between-group differences were observed in mean change in HAZ at any timepoint or for the entire study period (Fig. 2C) . Nutrient intake. Dietary intake results are presented in Table 2 . Median total energy intake increased from baseline at days 60 and 120 in the NC + NS group and slightly decreased in the NC group at day 60. Median total energy intake was significantly higher in the NC + NS group at both timepoints compared with the NC group (P  0.001 for each). Significantly greater intakes of carbohydrates and protein were also observed at days 60 and 120 for the NC + NS compared with the NC group (P  0.01). While intakes of docosahexaenoic acid and arachidonic acid were significantly higher at days 60 and 120 in the NC + NS group compared with the NC group (P  0.001), between-group differences in total fat intake were not significant at any timepoint. Additionally, there was a significantly greater intake of several micronutrients, including calcium, phosphorous, iron, zinc, and vitamins A, C, D, E, and B 6 , in the NC + NS group versus the NC group at days 60 and 120 (P  0.001). Table 2 . dietary intakes and percentage of chinese rNi at baseline and days 60 and 120 for total energy, macro-and micronutrients. 250 (152) 243 (147) 282 (166) 258 (147) 294 (155) 296 (161 
Magnesium, mg/day
Median (% rNi)
140 (120) 123 (108) 135 (115) 130 (108) 143** (120) 142 (115 Notes: Asterisks denote significance as demonstrated when the P value from the MMRM analyses between treatment groups was lower than the significance level adjusted using the Hochberg step-up procedure. The following P values, denoting significant differences from the NC group, were reported: *P  0.01; **P  0.001; ***P  0.0001. % rNi data were analyzed by descriptive statistics only. † n = 60 (calcium intake data for one subject was invalid at this timepoint). Abbreviations: Q1, 25th percentile; Q3, 75th percentile; AA, arachidonic acid; DFE, dietary folate equivalents; NC, nutrition counseling; ND, not defined (Chinese RNI not specified for this nutrient); NS, nutritional milk supplement; rNi, recommended nutrient intake; sd, standard deviation. Nutrient adequacy was assessed by expressing nutrient intakes as a percentage of Chinese Recommended Nutrient Intake (% RNI) values 40 ( Table 2 ). For calcium, iron, zinc, and vitamins A, C, and D, baseline % RNI values in both of the groups were low (range, 37-69%). Change in % RNI over the study interval was greater in the NC + NS group when compared with the NC group, with values approaching or exceeding 100% for several nutrients, including total energy, calcium, iron, zinc, and vitamins A, C, D, and E.
Additional findings. The z-scores for QUS bone measures were not significantly different between groups at day 120. Additionally, the incidence of common illnesses (diarrhea and upper and lower respiratory tract infections) did not differ between groups. AEs were reported in 81.8 and 71.1% of children in the NC + NS and NC groups, respectively. The most frequent AEs were upper respiratory tract infection, pyrexia, and diarrhea. Two children (2.6%) in the NC + NS group experienced moderate constipation or mild diarrhea considered to be study related. Serious AEs occurred in three children (2.0%), all considered unrelated to the study.
At least one serving of NS was consumed daily by more than 75% of children in the NC + NS group at days 60 and 120. Consumption rate was consistent, with a mean (SD) consumption of 344 (161) and 371 (155) mL/day at days 60 and 120, respectively. At day 120, 57.3% of caregivers reported that their child liked the taste of the NS and 68.0% reported that their child was willing to drink the supplement daily.
Discussion
This study evaluated the effects of an oral NS provided in addition to standard care with NC on growth parameters and nutrient adequacy in children with PE behaviors. The provision of an NS as an adjunct to NC was associated with significantly greater increases in overall protein and energy intake, as well as the intake of key micronutrients including iron, zinc, calcium, and vitamin A. The NS was readily accepted and well tolerated, which is notable given the study population comprised children with PE behaviors.
Adequate nutrient intake is required for healthy growth and development. The dietary intake results from the current study show that nutritional supplementation can contribute to the management of potential risks associated with PE behaviors, by increasing the intake of essential nutrients for growth and development in children whose dietary intake may be inadequate and whose growth may be toward the lower end of the normal range. The mean consumption of NS over the course of the study represents an additional 350 kcal/day, plus micronutrients important for children with PE behaviors, who may be at risk of inadequate intakes of zinc, iron, and vitamins A and D. 42 Intakes of these nutrients were below Chinese RNI values at baseline in both of the groups, while intakes at study days 60 and 120 among children receiving NC + NS were significantly greater than those receiving NC only. Changes in % RNI indicate that the micronutrient status of children receiving NC + NS was improved relative to those receiving NC alone.
With respect to growth parameters, the between-group comparison across the entire 120-day study period, taking into account the differences at each of the four post-baseline visits, revealed an overall difference in the changes in WHZ and WAZ between the NC and NC + NS groups. However, there were no significant differences between groups for change in WHZ and WAZ at day 120. The larger incremental gains in WHZ and WAZ observed in the NC group between days 90 and 120 suggest the possibility that NC alone may require several months before improved eating habits are established and changes in growth parameters are observed. This is consistent with findings from prior studies of nutrition counseling and behavior modification interventions, which indicate that a duration of at least 12 months is important to the success of these interventions. 43 In addition, there were no significant differences between groups for change in HAZ, possibly due to the relatively short study duration; however, this parameter increased at each visit in both groups. PE behaviors affect the child, caregivers, family, and healthcare providers, and can create caregiver anxiety about the child's growth and development.
14 Strategies to change eating behaviors include nutrition education and behavioral therapy for the child and caregivers to improve mealtime behavior, acceptance of new foods, and overall nutrient intake. 30, 32, 33 Dietary counseling has been used in a variety of feeding problems in children and is generally considered effective. 31, [44] [45] [46] Few studies have been conducted in children with PE behaviors to document the effects of management strategies such as NC + NS. One other randomized, controlled PE interventional trial has been published; 34 this was conducted in 92 children aged 36-60 months from Taiwan and the Philippines with PE behaviors and weight-for-height below the 25th percentile. Although dietary intake was not assessed, the study found greater increases in growth parameters over the course of the study in children receiving nutrition counseling plus an oral nutritional supplement versus those receiving counseling without supplementation.
A relationship between PE behaviors and inadequate growth has been reported in some studies, 8, 11, 12, 24, 25 but not found by others. 2, 4 Nonetheless, combined interventions such as NC + NS may be useful to alleviate caregiver anxiety about PE, while also correcting poor eating behaviors and dietary insufficiencies. As demonstrated here, the addition of NS to standard care with NC can have a positive impact on nutrient intake in children with PE behaviors, particularly as an immediate source of nutritional support while long-term effects of NC on dietary behaviors develop. Overall, the long-term aim of interventions for children with PE behaviors is to improve eating patterns and support appropriate growth and weight gain; 32,33 the use of supplementation without counseling to improve dietary intake should be discouraged in this population. Further research is needed to determine optimal timing and use of NS as an adjunct to NC, to ensure the achievement of both the behavioral and nutritional objectives of PE interventions.
Strengths of this study include the study design, including a comprehensive dietary assessment, and the specific study population, as children with PE behaviors have rarely been studied in China or other Asian countries. Potential limitations include the relatively short study duration and small sample size for evaluating some of the additional/secondary outcomes. The effects of interventions on bone quality and height occur over time, and a longer study period is likely necessary for differences to be seen in these parameters. Additionally, unless a larger sample is enrolled or a population with nutritional or social disadvantage is studied, it may be difficult to detect significant differences in the incidence of common childhood illnesses and infections. Lastly, this study relied on parent/caregiver reports to identify children with PE behaviors for inclusion in the study. Although this approach has been shown to be valid, 47 additional measures to more fully characterize the patterns and degree of PE using new approaches 48 would be useful in future studies.
Conclusion
In summary, this study demonstrated that NS added to NC improves nutrient adequacy in young Chinese children with PE behaviors and WHZ 25th percentile. This result supports the use of multiple intervention strategies to promote better nutritional outcomes in this population. Nutrition education and behavior modification remain essential tools to help improve eating habits in children with PE behaviors and to establish life-long healthy dietary practices. This study suggests that NS may be helpful as part of a treatment plan for picky eaters, especially during the early phase of NC, when changes in dietary habits may not yet be sufficient to significantly improve nutrient intake. Long-term studies are warranted to assess the enduring health and developmental outcomes associated with PE behavior and the overall effects of nutritional counseling and supplementation in this population.
